The aim of this study was to determine whether a change occurs in the phenolic compounds and antioxidant activity of grapes after drying. Grapes pre-treated with potassium hydroxide solution were dried using three different drying methods, namely freeze drying, oven drying and sun drying. The effectiveness of the drying methods was evaluated in terms of total phenolic content, antioxidant activity (ABTS, FRAP and DPPH), individual phenolics and anthocyanins. Losses in total phenolic content of the grapes were found to be 1.89, 20.26 and 46.79% for freeze-, oven-and sun-dried grapes respectively. The DPPH and ABTS antioxidant activities of the grapes decreased after drying by all three methods, while an increase was observed in the FRAP value of freeze-dried grapes compared to the fresh sample. No significant effect of drying methods was observed on the gallic acid, 2,5-dihydroxybenzoic acid and (-)-epigallocatechin gallate contents of the grapes. The highest levels of procyanidin B1, (+)-catechin, (-)-epicatechin, (-)-epicatechin gallate, chlorogenic acid, trans-resveratrol and rutin were determined in freeze-dried grapes. Sun and oven drying caused drastic decreases in all anthocyanins, while no loss of anthocyanin was observed in freeze-dried grapes. Sun drying was found as the most detrimental drying method for grapes in terms of phenolic compounds and antioxidant activity when compared to the other drying methods.
INTRODUCTION
Grapes are one of the most important agricultural products and are available in almost all parts of the world. World grape production in the 2014/2015 season was reported as 20 637 000 metric tons (USDA, 2016) . In the same season, Turkey was ranked as the world's third largest grape producer with an amount of 3 226 000 tonnes (TSI, 2016) . According to 2014/2015 data on agricultural production, 1 361 000 tonnes of dried grapes were produced worldwide. Turkey was the largest manufacturer and exporter of dried grapes in 2014, and this constituted 24% of the total world dried grape production (INC, 2016) . The USA, Iran, China and India follow in descending order after Turkey in terms of dried grape production.
Drying, one of the oldest methods of food preservation, is widely used to extend the shelf life of fruit in order to keep them available throughout the season. On the other hand, drying methods have a significant effect on the quality characteristics of dried fruit, such as phenolic compounds and sensorial properties (Angulo et al., 2007; Tseng & Zhao, 2012) . The sun-drying method has the advantage of being more cost-effective than the other drying methods. However, because of the slow drying rate it takes a long time. Grape drying takes nearly 20 days for untreated fruits and eight to 10 days for pre-treated ones (Jairaj et al., 2009) . Sun-dried grapes have a high risk of contamination due to their direct exposure to the environment (Jairaj et al., 2009) . To shorten the drying time and reduce the contamination risk, different methods such as solar, oven and hot-air drying could be used in raisin production. Sensorial properties, nutritional quality and cost of product are usually taken into consideration in choosing an appropriate drying method (Angulo et al., 2007) . The grape berry contains water, sugar, minerals, polyphenolics, organic acids, vitamins, aroma and nitrogen compounds (Armstrong & Stratton, 2016) . Polyphenols are one of the most important constituents of grapes and contribute to the colour, taste and aroma (Armstrong & Stratton, 2016) . Grapes also possess antioxidant activity by chelating metal ions and scavenging hydroxyl radicals (.OH) and superoxide anion radicals (.O 2 -) (Kong et al., 2003; Akbulut et al., 2008) .
Grapes contain phenolic acids (hydroxybenzoic and hydroxycinnamic acid, and their derivatives), stilbenes, flavonols, anthocyanins, flavan-3-ols and condensed tannins (Montealegre et al., 2006) . Anthocyanins are natural plant pigments that are responsible for colours ranging from red to violet, and are located especially in the exocarp of the grape (Ban et al., 2003; Coklar, 2016; Nicoue et al., 2007) .
A large number of studies have been carried out to determine the impact of processing on the phenolic content and antioxidant activities of different fruit and vegetables (Kamiloglu et al., 2016) . In addition, some studies have investigated the changes in bioactive compounds (such as total phenolic, anthocyanin, total flavonol) and antiradical scavenging activity of grape skin and pomace by using different drying methods (Larrauri et al., 1997; De Torres et al., 2010; Tseng & Zhao, 2012) .
The aim of this study was to evaluate the sun-, oven-and freeze-drying methods for dried grape production from the standpoint of antioxidant activity and phenolic compounds.
MATERIALS AND METHODS

Sample
In this research the Ekşikara (Vitis vinifera L.) grape variety from Turkey was used. Ekşikara is a cultivar and a local variety of Vitis vinifera originating from the south of Central Anatolia. It is grown around the towns Hadim and Taşkent under the names Keçimen and Karaoğlan. It is generally cultivated for table consumption and raisin production.
Grapes were harvested from a vineyard, located at Hadim, at commercial maturity (22 o Brix) and dipped into a 1% potassium hydroxide solution for 5 min in order to remove the wax layer from the skin and accelerate the drying. Grapes (4 kg) were divided into four equal groups. One was used as a control sample and the others were dried by sun, in an oven and a freeze dryer respectively. All samples, dried by different methods, contained dry matter of 95 ± 1% after drying.
Drying methods
Oven drying
Fresh grapes (1 kg) were spread on a tray and put into the drying oven (Nuve, Turkey) at 60 o C. The drying of the grapes in the oven dryer continued for 17 h.
Freeze drying
One kg of fresh grapes was kept at -18 o C in a deep freezer for 24 h. Lyophilisation of samples was carried out in a freeze dryer Lynge, Denmark) . Throughout the drying operation, the vacuum chamber pressure and condenser temperature were at 2.30 mbar and -110 o C respectively. The drying of the grapes in the freeze dryer was completed within 48 h.
Sun drying
Grapes (1 kg) were spread on a tray and placed in sunlight. Drying in the sun lasted seven days and the grapes were turned over every day by hand in order to ensure homogenous drying in all parts of the grape as far as was possible. The drying experiments were repeated twice for all drying methods.
Chemicals
The HPLC-grade acetonitrile, ethyl acetate and methanol were from Merck (Darmstadt, Germany). All chemicals were analytical grade and acquired from either Sigma Chemical 
Analysis
Extraction of phenolics and other antioxidant-effective compounds
One gram of ground dried grape was extracted using a homogeniser (WiseMixTM HG-150; Daihan Scientific, Korea) at 10 000 rpm for 3 min in 50 ml methanol:water:formic acid (50:48.5:1.5) solvent mixture. The extract was then centrifuged (NF 800R, Nuve, Turkey) at 4 100 x g for 10 min. The supernatant was transferred into a glass jar and the residue was re-extracted with a methanol:water mixture. Supernatant from two extractions was poured into a jar glass and stored at -18 o C until further analyses (Coklar & Akbulut, 2017) .
Analysis of total phenolic content
The total phenolic content of the fresh and dried grapes was determined using the Folin-Ciocalteu procedure (Singleton & Rossi, 1965) . The methanolic extract (0.5 mL) was mixed with 2.5 mL Folin-Ciocaleu's reagent (0.2 N) and 2.0 mL sodium carbonate (75 g/L). Absorbance of the reaction mixtures was read against the blank at 765 nm using a spectrophotometer (U-1800, Hitachi, Japan) after the mixture was left to stand in the dark for 120 min. Gallic acid standard solutions at concentrations of 12.5 to 200 ppm were used to prepare the calibration curve, and the results were expressed as mg gallic acid equivalents (GAE) per gram dried grape.
Analysis of antioxidant activity FRAP assay
To estimate the ferric reducing antioxidant powers (FRAP) of the grapes, 50 µL of extract and 150 µl deionised water were added to 1.5 ml freshly prepared FRAP reagent (300 M acetate buffer (pH 3.6):10 M TPTZ:20 M FeCl 3 .6H 2 O (10:1:1)). The absorbance of the reaction mixture after incubation at 37.8 o C for 4 min was read at 593 nm. The results were calculated according to the calibration curve of FeSO 4 .7H 2 O prepared in the range of 100 to 1 000 µmol/L. The results were expressed as µmol Fe +2 per gram dried weight of sample (Benzie & Strain, 1998) .
Copyright
DPPH assay
The 2,2-diphenyl-1-picrylhydrazyl (DPPH•) antioxidant activities of fresh and dried grapes were determined according to Brand-Williams et al. (1995) . Briefly, 0.1 ml of extract of the samples was added to 3.9 ml of a DPPH (6 x 10 -5 M) methanolic solution. After 30 min of incubation in the dark at room temperature, the absorbance was measured at 515 nm. The results were expressed as mmol Trolox equivalent per kilogram dried weight of sample.
ABTS assay
The protocol described by Re et al. (1999) was followed to determine the ABTS antioxidant activity of the extracts. To generate the ABTS• radical, 2.5 mL of potassium persulfate solution (2.45 mM) was added to 5 mL ABTS solution (7 mM). The mixture was incubated at room temperature for 16 h. The stock solution was diluted with ethanol to an absorbance of 0.700 ± 0.02 at 734 nm. The extract (10 µL) was added to 990 µL ABTS• solution. The absorbance at 734 nm was measured after 6 min and the reduction in the absorbance was noted. The results were reported as mmol Trolox equivalent per kilogram dried weight of sample.
Analysis of anthocyanin and phenolic compounds
Extracted phenolics from the grapes were purified before the HPLC analysis by using C18 SPE cartridges (Agilent, USA), preconditioned by passing through water, ethyl acetate and methanol. For this purpose, the extract (2 ml) was loaded into the cartridges. Non-anthocyanin phenolics and anthocyanins were eluted with ethyl acetate and methanol respectively. Ethyl acetate and methanol eluates were evaporated at 35 o C, re-suspended in 1 mL of methanol and then filtered through a 0.45 µm pore size syringe filter (Sartorius AG, Göttingen, Germany) (Kähkönen et al., 2001) . The analysis of the phenolic compounds of the extracts was carried out by an Agilent 1260 Infinity Series HPLC system equipped with a diode array detector. Separation was achieved by a reverse phase C18 column (5 μm, 250 × 4.6 mm i.d.). The mobile phase consisted of acetic acid:water and water:acetonitril:acetic acid, and the flow rate was 0.75 ml/min. The detector was set at 280, 306, 320 and 360 nm for non-anthocyanin phenolics and at 520 nm for the anthocyanins (Demir et al., 2014) . The identification of phenolics was confirmed by comparing their retention times and UV spectra. The data were analysed by ChemStation software.
Statistical analysis
The results were presented as means ± standard deviations (SD) and subjected to one-way analysis of variance (ANOVA), at a confidence level of 95%, to determine the effect of drying methods on total phenolic content, antioxidant activities and individual phenolic compounds. The Duncan multiple range test was used to compare differences between means. Statistical analyses were performed using the MINITAB (Released 14, Minitab Inc. USA) and Mstat C (Mstat C, 1988) programs.
RESULTS AND DISCUSSION
Total phenolic content
The results on the total phenolic contents of fresh and dried grapes are presented in Fig. 1 . The highest value was found to be 20.21 mg/g DW in fresh grapes. The phenolic content of freeze-, oven-and sun-dried samples were as follows: 19.83, 16.12 and 10.76 mg/g DW respectively. There were no significant differences between fresh and freeze-dried grapes as far as the total phenolic content was concerned. Statistically, significant decreases occurred in the phenolic content of the oven-dried and sun-dried samples (p < 0.01). Sun drying was the most detrimental method for grape drying in terms of losses in the phenolic content. To the best of our knowledge, no study has been done on comparing the effect of different drying methods on grape phenolics and anthocyanins. On the other hand, researchers have reported distinct findings for phenolic content changes in plant materials owing to the drying process used (Chong et al., 2013; Serratosa et al., 2011) . Serratosa et al. (2011) observed significant decreases in the total phenolic content of grape pomace peel after drying at 100 and 140 o C. Chong et al. (2013) dried apple, pear, papaya and mango cubes by four different methods (hot air-cold air, hot air vacuummicrowave, heat pump and heat pump vacuum-microwave). They reported that all drying methods had a detrimental effect on the total phenolic contents of the fruit. They reported that the most appropriate drying method in terms of the retention of phenolic content was heat pump vacuummicrowave drying.
In contrast, Serratosa et al. (2011) investigated the phenolic changes in Merlot and Tempranillo grape musts obtained from chamber-dried grapes. They found increases in the total phenolic contents of grapes after drying, which they attributed to the increase in the dry matter concentration due to water evaporation. Similarly, Bellincontro et al. (2004) and Karakaya et al. (2001) showed that the phenolic concentration of dried grapes was higher than that of fresh grapes. However, changes in the phenolic concentration in their studies could have seemed to increase because of expressing the results on a wet weight basis.
Differences in factors like the extraction procedures and methods of analysis used in the study and in the expression of results (wet or dry weight basis) make the comparison of our results with previous studies complicated. Drastic decreases in the phenolic compounds of sun-dried and ovendried grapes could be due to the thermal degradation and/ or oxidation of these compounds (Del Caro et al., 2004; Figueiredo-González et al., 2013; Adiletta et al., 2016) .
Furthermore, pre-treatment with potassium hydroxide solution to remove the waxy layer from grape skin for improving the drying rate may also have promoted phenolic oxidation. Due to the slow drying rate, sun-dried grapes could be exposed to higher oxidation. Although grapes oven dried at 60 o C had a lower total phenolic content than freezedried and fresh grapes, the oven-drying method compared to the sun-drying method could have protected the phenolic content against prolonged oxidative degradation.
Anthocyanins and phenolic compounds
The phenolic compounds detected in the grapes and their amounts (mg/kg DW) are presented in Table 1 . As in the case of total phenolic compounds, individual phenolic compounds were also highly affected by the various drying methods used in this study.
No statistically significant changes in the concentrations of gallic acid, 2,5-dihydroxybenzoic acid and epigallocatechin gallate were found after all the drying methods used. Although freeze drying did not affect the amount of procyanidin B1 in the grapes, the oven-and sun-drying methods showed a destructive effect on the compound. At the same time, procyanidin B1 was maintained better by the oven-drying method compared to sun drying. Similarly, all drying methods reduced the procyanidin B2 content in the grapes. However, decreases in the freeze-and oven-dried samples were found to be statistically insignificant. In sundried grapes, procyanidin B2 decreased by 83.6% compared to fresh grapes. The epicatechin content in freeze-, ovenand sun-dried grapes decreased by 25.3%, 61.8% and 85.7% respectively. Decreases in the epicatechin content of sun-dried and oven-dried grapes were 61.8% and 85.7% respectively. As in the case of many other phenolic compounds, the lowest amount of epicatechin was found in sun-dried grapes. However, the differences in epicatechin concentration in oven-and sun-dried samples were statistically insignificant. Although all three drying methods had a destructive effect on both catechin and epicatechin gallate, the highest amounts of these compounds were found in freeze-dried grapes. At the same time, catechin and epicatechin gallate were maintained better by oven drying compared to sun drying. Even though there was a small increase (nearly 2.9%) in the rutin content of freeze-dried grapes compared to the fresh sample, this increase was not found to be statistically significant. The rutin concentrations in the oven-and sundried grapes were lower than in fresh grapes. Similar to our results, Kamiloglu and Capanoglu (2015) reported that the sun-drying method reduced the rutin content of figs by up to 59% compared to fresh figs.
Oven-dried grapes contained 90.4% less resveratrol than the fresh sample, while trans-resveratrol was not detected in sun-dried grapes. The loss of trans-resveratrol in the freezedrying method was only 2.3%.
The resveratrol concentration in grapes differs according to factors such as variety and ripening. In addition, fungal infection and UV light exposure induce the stimulation of resveratrol synthesis (Cantos et al., 2001) . Cis-resveratrol is rarely found in grape berries in its free form. The occurrence in free form is attributed to the hydrolysis of glycosides of cis-resveratrol and the isomerisation of the trans form via UV radiation (Versari et al., 2001; Montsko et al., 2008) . Trans-resveratrol transforms to its cis isomer when exposed to UV light (Montsko et al., 2008) . In our study, the transresveratrol levels in sun-dried grapes were lower than the threshold level that can be detected by the HPLC. This might have been caused by UV radiation during drying.
The chlorogenic acid concentration in freeze-dried grapes was considerably higher than that in both the fresh and other dried grapes. When compared to many other drying methods, highly porous materials with a higher capacity for rehydration are obtained via freeze drying (Krokida & Maroulis, 1997; Voda et al., 2012) . The observed increase in the chlorogenic acid content of the freeze-dried grapes could be interpreted as being a result of extraction efficiency.
Caffeic acid and isorhamnetin-3-glucoside were not affected, except by sun drying. Increases of 39.66% and 56.98% were observed in the caffeic acid and isorhamnetin-3-O-glucoside contents respectively of sun-dried grapes compared to fresh grapes. One of the other phenolic compounds of which the concentration seemed to increase after drying was kaempferol-3-glucoside. Oven-and sun-dried samples contained 66.06% and 64.81% more kaempferol-3-glucoside than fresh grapes. In contrast to the oven-and sun-drying methods, freeze drying recorded a reduced amount of kaempferol-3-glucoside, at 27.6%. This finding is in complete agreement with the results of Slatnar et al. (2011) and Kamiloglu and Capanoglu (2015) , who reported an increase in the kaempferol-3-rutinoside content of figs after sun drying.
With regard to anthocyanins, fresh grapes contained fewer individual anthocyanins than the freeze-dried sample (Table 2) . However, except for delphinidin-3-glucoside, the increases in petunidin-3-glucoside (24.0%), malvidin-3-glucoside (16.8%), cyanidin-3-glucoside (19.2%) and peonidin-3-glucoside (13.81%) concentrations were found to be statistically insignificant. The concentration of delphinidin-3-glucoside increased by up to 37.5% after freeze drying of the grapes. On the other hand, both the oven-and sun-drying methods reduced the amount of all anthocyanins detected in the grapes dramatically, with no differences between these two drying methods. Decreases in grape anthocyanins after drying can also be seen in the HPLC chromatogram detected at 520 nm (Fig. 2) . Unfortunately, as can be seen in Fig. 2 , it was not possible to provide the changes in acylated anthocyanin amounts of the grapes after drying due to a lack of pure standards for them in our study. Wojdyło et al. (2009) reported a statistically insignificant increase in the pelargonidin-3-O-glucoside and pelargonidin-3-O-malonyl-glucoside amounts of two different strawberry cultivars (Kent and Elsanta) after freeze drying. They also pointed out that freeze-dried Kent strawberries contained higher amount of cyanidin-3-O-glucoside than the fresh sample.
Our results are consistent with previous studies evaluating the effect of hot air-, oven-and sun-drying methods on individual anthocyanins in fruit (Slatnar et al., 2011; Nora et al., 2014; Wojdyło et al., 2014; Kamiloglu & Capanoglu, 2015) . For instance, the drying of guabiju and red guava at 70 o C resulted in losses of cyanidin-3-O-glucoside and malvidin-3-O-glucoside (48% to 100%) (Nora et al., 2014) . Similarly, as reported by Wojdyło et al. (2014) , sour cherry dried at 50 o C, 60 o C and 70 o C had 13% to 38% less cyanidin-3-O-glucoside compared to fresh ones. According to the results of Kamiloglu and Capanoglu (2015) , sun drying of yellow and purple figs led to a drastic reduction in the amounts of cyanidin-3-glucoside and cyanidin-3-rutinoside (98%). All drying methods, except for freeze drying, led to a reduction in each of the anthocyanins of more than 95%. Anthocyanins in grapes were retained better by the freezedrying method when compared to the other drying methods.
The efficiency of phenolic extraction is affected by various factors, such as product structure, particle size, solvent, solvent-sample ratio and extraction temperature (Haminiuk et al., 2012; Coklar & Akbulut, 2016) . Higher efficiency could be observed in phenolic extraction by the reduction in particle size, choosing the correct solvent and increasing the porosity of the dried sample. Solvent diffusion through dried tissue accelerates when the sample has higher porosity, which in turn increases the transfer of phenolic compounds to the solvent. The freeze-drying method produces dried products that have greater porosity (80% to 90%) than those produced by convective-, microwave-and vacuum-drying methods (Joardder et al., 2015) . The higher concentration of some phenolics in freeze-dried grapes compared to a fresh sample could be attributed to the higher extraction efficiency. Cell integrity and cell membranes might be damaged during drying, depending on the drying method and pretreatments (Lewicki, 1998; Ahmad et al., 2006) , and therefore polyphenols in the plant undergoing drying could be oxidised by polyphenol oxidase (PPO). The optimum temperature of grape PPO differs among grape varieties and ranges from 25 o C to 45 o C (Zheng et al., 2012; Ünal & Şener, 2014) . The temperature of the sun-drying method is close to optimum temperature of grape PPO. Polyphenol oxidase activity during long drying might have led to decreases in phenolic compounds.
Antioxidant activity
To determine the changes in antioxidant activity in grapes after drying, three common assays (DPPH, ABTS and FRAP) were used in our research (Fig. 1) . The value of DPPH antioxidant activity in fresh grapes was found to be 66.07 mmol TE/kg DW. The value decreased by 12%, 26% and 50% in freeze-, oven-and sun-dried grapes respectively. Statistically significant decreases for the DPPH antioxidant activity value (p < 0.01) were observed in all the drying methods. The lowest value was determined in sun-dried samples (33.36 mmol TE/kg DW). The DPPH results for dried grapes were confirmed by the ABTS results in terms of the destructive effect of drying. As with DPPH antioxidant activity, the highest ABTS value was determined in fresh grapes (137.65 mmol TE/kg DW). The ABTS results of the products prepared by freeze-, oven-and sun-drying methods showed statistically significant decreases (p < 0.01). In contrast to the DPPH and ABTS antioxidant activity values, the FRAP value of freeze-dried grapes (114.81 µmol Fe +2 /g DW) was higher than that of the fresh sample (111.74 µmol Fe +2 /g DW). However, the FRAP value of fresh grapes decreased from 111.74 to 96.06 and 76.60 µmol Fe +2 /g DW in the oven-dried and sun-dried samples respectively. All differences in FRAP results between the fresh and dried grapes were statistically significant (p < 0.01).
Polyphenolics are the primary antioxidants in grapes. There is a close correlation between the amount of phenolics and the antioxidant activity of grapes and grape fractions (Coklar, 2016) . The lower antioxidant activities determined in the sun-and oven-dried grapes compared to those of the freeze-dried and fresh grapes could be due to the loss of phenolic compounds.
Previous studies on the impact of different drying techniques on the antioxidant activity of fruit confirm our results (Gao et al., 2012; Chong et al., 2013; Annegowda et al., 2014) . Significant reductions in the antioxidant activity of jujube fruit in ABTS from oven-and sun-drying methods were reported in a previous study (Gao et al., 2012) . Chong et al. (2013) reported that the heat pump, heat pump vacuummicrowave, hot air vacuum-microwave and hot air-cold air drying methods significantly reduced the DPPH antioxidant activities of apple, papaya and mango. Another study on the sun drying of yellow and purple figs showed lower values of ABTS, FRAP and DPPH after drying, except for the ABTS value of yellow figs. The authors reported that the decrease in ABTS antioxidant activity of yellow figs was statistically insignificant. In addition, Nunes et al. (2016) stated that there were statistically significant decreases in the FRAP and ORAC antioxidant activities of guava fruit after both freeze drying and forced air circulation drying (at 55 o C for 22 h).
CONCLUSIONS
Phenolics are biologically active compounds that have positive effects on human health. Grapes are a good source of phenolic compounds, both in terms of their profile and concentration. However, some changes in phenolic compounds could occur through processing. Different drying methods affect the sensorial properties (flavour, appearance, taste) and bioactive compounds (phenolics, anthocyanins, etc.) of fruit. In this study we investigated the impact of freeze-, oven-and sun-drying methods on the phenolic compounds, anthocyanins and antioxidant activity of grapes. The results indicate that freeze drying is the best method to maintain the phenolics and anthocyanins in dried grapes, whereas the lowest levels were seen in sun-dried grapes. However, the sun-drying method has been used more commonly than freeze drying when it comes to dried grape production in the industry. This is because the freeze-drying method is considered expensive. Considering phenolic compounds, antioxidant activity and production costs, the oven-drying method could be an alternative to sun drying. Nevertheless, further experimental investigations are needed to improve product quality in the oven-drying method. 
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